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The calibration of an avalanche mathematical model using field data
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Abstract. The experience of calibrating Eglit’s avalanche
model using data about the avalanche travel distance lengths
and velocity data from the Zailiyskiy Alatau range (Kaza-
khstan) is discussed. Empirical equations are proposed that
describe the dependence of the friction coefficients on the
avalanche volume and type.

1 Introduction

A number of different mathematical models of avalanche
motion have been developed (see, e.g. Harbitz, 1998). The
practical use of the models is limited by the uncertainty of
the model coefficients and initial data upon snow conditions
and avalanche volumes. The way of solving this problem is
by adaptation of models to regional conditions. Data from
real avalanches can be used for this purpose. The experience
of adapting Eglit’s model to the conditions of the Zailiyskiy
Alatau range in Kazakhstan is described in the paper.

The Zailiyskiy Alatau range belongs to Tian-Shan Moun-
tains. Two typical avalanche sites in the Malaya Almatinka
valley are studied here. Data from 9 artificial avalanches re-
leased by explosives were considered. Four dry avalanches
were measured at avalanche site No. 17 and six wet at
avalanche site No. 21.

Avalanche site No. 17 is a free slope with northern aspect.
The area of the starting zone is 8000 m2 and its steepness is
37◦. The avalanche track has an average steepness equal to
30◦. The runout zone is at valley bottom with a steepness
of 12–20◦. The altitude of the starting zone is 2750 m. The
avalanche drop height is about 450 m and the path length is
about 1000 m. Avalanche site No. 21 is a basin with a starting
zone area equal to 90 000 m2. The altitude of the starting
zone is 2750 m with a northerly aspect and a steepness of
37◦. The avalanche track is a deep gully with a steepness
of 15–25◦. The runout zone is located at the lower part of
the gully and has steepness 9–12◦. The maximum avalanche
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drop height is 1000 m and the path length is 3500 m. The
surfaces of both avalanche sites are smooth and grassy with
rare small bushes. All measured avalanches moved over an
old snow surface and the track roughness in all cases was low
and approximately the same.

2 The field data

Avalanche volume, velocity and flow height were measured.
Avalanche volume was determined as a product of the start-
ing zone area and the snow fracture height. The starting zone
area and the travel distance were measured from 1:25 000
scale maps. The snow fracture height was measured in situ.
All avalanches were filmed by video camera with speed of 24
frames per second. The velocities were measured by finding
the motion time between fixed points. The stop-frame was
used for measuring the flow height. The errors of measure-
ments were about 1 m/s for the avalanche velocity and about
0.5 m for the flow height. The measured avalanche parame-
ters are given in Table 1. The measurements were made at
a middle part of the avalanche tracks, where the avalanches
were fully developed. So, the measured velocities and flow
heights were close to maximum.

3 The mathematical model

The averaged over the cross section continuum model de-
veloped byM. Eglit has been used for calculation of the
avalanche travel distance,l, velocity, v, and flow height,h.
The basic assumptions of the model are described in Eglit
(1968). The equations and the numerical method used can
be found in Mironova and Eglit (1988) and in Eglit (1998).
The basic system of equations is written in the form:
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Table 1. Field measured avalanche parameters

No. Avalanche Avalanche Volume Travel distance Velocity Flow height
site type m3 m m/s m

1 17 dry 2000 830 15 2
2 17 dry 5000 870 20 4
3 17 dry 8000 940 25 6
4 17 dry 12000 1000 30 10
5 21 wet 5000 1320 5 2
6 21 wet 10000 1800 5 4
7 21 wet 50000 2300 11 6
8 21 wet 100000 2830 10 8
9 21 wet 130000 3020 12 10

Here,x is a longitudinal coordinate,S is the flow cross sec-
tion, α is the slope angle,F1, F2, F3 are connected with fric-
tion, total pressure in a cross section and the pressure at the
channel side walls, respectively. The boundary conditions
for this system are the conditions at the leading front

S(w − v) = S0wρ0, S0wρ0v = ρF2 S − σ ∗S0 at x = xf ,

and the conditions at the back boundaryS = 0, v = 0 at
x = 0. Here,w is the front velocity,ρ andρ0 are the den-
sities of the avalanche flow and snow cover in front of it,
respectively,ρ∗ is the strength of the snow cover andS0 is
the cross-section area of the snow cover involved into the
motion. In this paper, the shape of the avalanche track cross
section is assumed to be trapezoidal. In this case,
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Friction force is defined by the following formulae:

F1 = k|v|L + µ g cosα
B + L

2|v|
at h ≤ h∗

≡
τ ∗

ρµg cosα
,

F1 = k|v|L + µ g cosα
h∗(2L − h∗(cos−1 β1 + cos−1 β2))

2|v|
,

at h > h∗,

L = B + h(cos−1 β1 + cos−1 β2).

Here,B is the bottom width of the channel,β1 andβ2 are the
side walls slope angles,k is the hydraulic (turbulent) friction
coefficient,µ is the dry friction coefficient,τ ∗ is the shear
strength of the snow cover,h∗ is the value of the flow height
at which the shear stress connected with the dry friction is
equal toτ ∗. The Coulomb friction law is modified by intro-
ducing an upper limit for the dry friction (Grigorian, 1979),
i.e. it is assumed that the shear stress on the interface be-
tween the avalanche and the sliding surface cannot be larger
than the shear strengthτ ∗ for the bottom material. The fol-
lowing data are needed to calculate the avalanche motion:
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figure 1 
 Fig. 1. The dependence of the calculated avalanche travel distance
on the dry friction coefficient for the wet avalanche No. 8,k = 0.08.

(1) the avalanche site relief (the steepness, the bottom width
of the avalanche path and the steepness of side walls), (2)
the snow height at the starting zone and along the avalanche
path, (3) the initial avalanche volume, (4) the dry friction co-
efficient, (5) the turbulent friction coefficient, (6) the ratio
τ ∗/ρ. The results of calculation are the distributions of the
velocity and the flow height along the avalanche body, the
avalanche travel distance and the avalanche snow deposition
depth.

4 Calibration of the friction coefficients

The initial volumes for avalanche simulations were chosen
equal to those for the real avalanches. In general, the model
takes the snow entrainment along the path into account ac-
cording to the conditions at the leading front written above.
In this paper, the motion without the snow entrainment was
simulated, so the avalanche volume did not change from start
to finish. For each avalanche 16 calculations with four dif-
ferent values ofµ and k were made. The value ranges of
µ andk changed from one avalanche to another so that the
real avalanche parameters were located inside the calculated
avalanche parameter ranges. For example, for the avalanche
No. 8, values ofµ were 0.18, 0.20, 0,22, 0,24 and the val-
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Table 2. The calibrated (1) and measured (2) values of turbulent friction coefficientk and dry friction coefficientµ and the calculated (1)
and measured (2) avalanche parameters

No. k µ Travel distance, m Velocity, m/s Flow height, m
1 2 1 2 1 2 1 2 1 2

1 0.0063 0.006 0.49 0.48 820 830 13 15 1.2 3
2 0.0046 0.005 0.44 0.46 860 870 19 20 1.5 4
3 0.0033 0.003 0.42 0.42 940 940 23 25 1.7 6
4 0.0022 0.002 0.39 0.38 990 1000 40 35 2.4 10
5 0.091 0.090 0.34 0.35 1330 1320 3.0 5.0 1.0 2
6 0.084 0.080 0.32 0.30 1820 1800 5.0 5.0 3.0 4
7 0.067 0.070 0.25 0.25 2310 2300 10.0 11.0 6.0 6
5 0.061 0.061 0.23 0.23 2835 2830 7.5 8 8.2 8
6 0.057 0.055 0.21 0.21 3022 3020 9.7 10 9.8 10
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figure 2 Fig. 2. The dependence of the calculated avalanche velocity on
turbulent friction coefficient for the wet avalanche No. 8,α = 0.22.

ues ofk were 0.01, 0.05, 0.08, and 0.10. On the whole, for
all avalanches,µ varied from 0.15 to 0.50 andk varied from
0.002 to 0.10. The valueτ ∗/ρ = 10 m2/s2 was assumed
for all avalanches. This value was obtained by Mironova for
avalanches at Caucasus (Volodicheva et al., 1990).

The values ofµ andk were determined in the following
way. The results of calculations of the avalanche travel dis-
tance,l, at constantk and differentµ were studied. The dia-
gram of the dependence ofl on µ was plotted (Fig. 1). The
value ofµ providing the coincidence of the calculated and
measuredl was determined using this diagram. For example,
the dependencel = f (µ) at k = 0.08 for the wet avalanche
is given in Fig. 1. The real travel distance is 2830 m, and
the correspondingµ value is 0.22. The same travel distance
is obtained with different pairs ofµ andk, e.g. k = 0.06,
µ = 0.226 andk = 0.05,µ = 0.23.

In a similar way the dependence of the avalanche velocity,
v, at the control point on the turbulent friction coefficient at
constant dry friction coefficient was obtained. The depen-
dencev = f (k) for the avalanche No. 8 withµ = 0.22 is
given in the Fig. 2. The real velocity is 10 m/s and the corre-
spondingk value is 0.062. The same calculated velocity can
be obtained, e.g. withµ = 0.18,k = 0.072 andµ = 0.24,
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figure 3 
Fig. 3. The values of the turbulent friction coefficient and the dry
friction coefficient which give the real value of the avalanche travel
distance (curve 1) and the given value of the avalanche velocity
(curve 2) for the avalanche No. 8.

k = 0.057. The two dependenciesk = f (µ), providing the
coincidence of calculated and measured values ofl andv,
were plotted. The meeting point of these curves determines
the coefficients for the avalanche in consideration (Fig. 3). In
the given case, they areµ = 0.227,k = 0.061.

The values ofµ andk, obtained by this way, are the mea-
sured ones. The results of their determination are given in
Table 2. As the approximation of these results, the following
calibrated values ofµ andk are proposed according to the
avalanche type and volume:
for dry avalanches: µ = −0.132 logV + 0.941, k =

−0.0055 logV + 0.0251,
for wet avalanches:µ = −0.0907 logV + 0.679, k =

−0.0231 logV + 0.176.

5 Conclusion

It is worth mentioning that the turbulent friction coeffi-
cient,k, at Eglit’s model corresponds to the coefficientξ at
Voellmy’s model (Voellmy, 1955) ask = g/ξ . The Swiss
Guideline for calculation of avalanche runout distance (Salm
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et al., 1990) recommends the values of the dry friction coef-
ficients,µ, from 0.155 to 0.30 and the values of the turbulent
friction coefficient,ξ , from 400 to 1000 m/s2. For hydraulic-
continuum avalanche models, Barbolini et al. (2000) had
obtained the values ofµ from 0.13 to 0.40 and the values
of ξ from 1000 to 4500 m/s2 in calculations of five large
avalanches at European sites. In Eglit’s model, the calibrated
values ofµ vary from 0.21 to 0.49 and calibrated values ofξ

vary from 170 to 4460 m/s2 for avalanches with volumes of
different orders in Zailiiskii Alatau.

The simulations of avalanche motion have been made with
volumes equal to measured ones and with the calibrated dry
friction and turbulent coefficients obtained by the proposed
dependencies ofµ andk on V . The results are given in Ta-
ble 2. The data in Table 2 show that the mathematical simu-
lation of avalanche motion using Eglit’s model with the cal-
ibrated coefficients has a very good coincidence with field
data for the avalanche travel distance and velocities both
at the avalanche sites No. 21 and 17. The calculated flow
heights of wet avalanches are also very close to real ones.
This fact can be treated as a confirmation of the applicability
of the model to wet avalanches, since the model’s coefficient
values were obtained without comparison of calculated and
real flow heights. In contrast, the measured flow heights of
dry avalanches are much larger than simulated ones. It may
mean that the air entrainment should be taken into account
for the modeling of flow heights of dry avalanches.
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